Abstract. We extend former investigation of the transport of an energetic ions beam through a partially degenerate plasma. In the present work we investigate the electron contribution to the angular dispersion of the beam in the low velocity regime (ion beam velocity less than the average electron velocity). The multiple scattering contribution is implemented within the linear response function through an analytic and mean field interpolation of the target electron dielectric function between T = 0 (Lindhard) and T T F (Fried-Conte). New simple analytical formulas are derived for the average scattering angle in the limiting cases of small and high temperature and also an interpolating formula is proposed at any degeneracy.
INTRODUCTION
The interaction of energetic ions beams with a dense target is governed by the energy loss cross section and by multi scattering (MS) collisions. At high energies, E B 1 MeV, E B being the energy of the beam ions, the main effect of MS collisions is to increase the beam emittance. This should be taken into account, for example, when analysing fast ignition with proton beams [1] . MS collisions can also have a significant contribution to isochoric heating of dense plasmas by reducing the linear range of the beam particles. In high-Z targets, ion-ion collisions yield the main contribution to elastic scattering. However for low-Z targets, and in particular in hydrogen or D-T plasmas, electron-ion collisions can have a significant contribution. In the present work we are focussing on the calculation of MS in the low velocity regime, close to the maximum of the stopping cross section, where the coupling between the beam particles and the plasma electrons is maximum. In connection with fast ignition, we consider fully ionized light projectiles, Z B ≤ 6, Z B being the charge of the beam ions. At these low charges, and for high density plasmas, the interaction of the projectile with the target can be described within the linear response theory. MS cross sections in a fully degenerate electron jellium at T = 0 have been studied in [2] . This work has been recently extended to any temperature using the general Random Phase Approximation (RPA) formalism [3] . Using this formalism, new analytic formulas of MS on electrons have been derived. In the following section we give a brief presentation of the MS cross section within the RPA. The analytic formulas are then given and compared to numerical results. Atomic units are used.
THEORY
Let consider an energetic ion beam of charge Z B , mass M B , velocity V B and energy E B interacting with a plasma of temperature T and electron density n e leading to a Fermi temperature T F . The energy of the beam ions is much larger than the average energy of the plasma electron : E B T F , T . Here, we consider the low velocity regime V B < V th ≈ √ 2(T + T F ). Quite generally, the stopping of the beam is due to ion-electron (free or bound) collision while the transverse dispersion mainly comes from ion-ion collisions. However, for hydrogen or helium plasma ion-electron collisions can contribute significantly to the transverse dispersion. In such cases it is important to have a robust estimation of the influence of angular scattering. In particular, simple analytic formulas of angular scattering processes are required to perform numerical simulations of beam-plasma interaction.
In the linear approximation, the ion-electron potential is derived from the dynamic response function [2, 3] . In order to consider any degeneracy values, we have used the full Random Phase Approximation (RPA) of this quantity. In the low velocity regime it reads S (q, ) = 2q
where is the electron degeneracy, and q s is given by :
with q T F the Thomas-Fermi screening parameter, = T /T F and F v ( ) is the Fermi function.
Single Scattering
From the expression of the response function one can derive the differential scattering cross section for perpendicular momentum transfer:
In Figure 1 we have reported G(q perp ) versus q perp for a high density plasma, n e = 5 × 10 23 cm −3 . One can observe that for low momentum transfer, G is little affected by the temperature, while it decreases with T at intermediate values of q perp and increases with T for the highest value of q perp ; this limiting case is more clearly seen in Figure 2 . 
Multiple scattering
The angular distribution function of the beam ions after flowing through a distance X, f ( , X), can be expressed as f ( , X) = 
The multiple scattering processes can then be determined from the knowledge of¯ for which analytical expressions are given in the next section.
ANALYTICAL FORMULAS
The average scattering angle obeys the scaling relation¯ 
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